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ABSTRACT

The means by which the water quality of the Willamette River has
been upgraded over the past four decades are documented. Two strategies
--point-source wastewater treatment and flow augmentation from a network
of federal reservoirs--have been responsible for this improvement in
water  qual i ty . The series of tactics employed in gradually reducing
point-source waste discharges are documented. Coincident water quality
benefits which have resulted from flow augmentation for other purposes
are also discussed.

The economic and energetic costs of constructing, operating, and
mainta in ing the fac i l i t ies  which have s ign i f icant ly  cont r ibuted to  the
improvement of water qual i ty in the Wil lamette River and i ts tr ibutaries
over the last half century are examined. Data are presented regarding
the construction and operation of municipal collection and treatment
systems, industr ial  water pol lut ion abatement faci l i t ies, and reservoirs.
Input-Output economics and a methodology for converting dollar costs to
direct and total energy requirements are used to deal with construction
and operational costs. Operation and maintenance expenditures are also
dealt with on the basis of direct at-si te requirements. Energy needs
for operating water qual i ty control faci l i t ies are about one-tenth of
one percent of total basin energy ut i l izat ion. Substantial  savings of
this energy are possible, however.

Historic and current status of the f ishery and wildl i fe resources
of the Willamette River Basin are reviewed in relation to changing water
qual i ty  o f  the River . Recent improvements in water quality have stimu-
lated State and Federal agencies to embark on a nine-year program to
ful ly develop the f ishery resources of the Basin. The potential biolo-
gic, economic, and social values of the program are presented along with
related adverse effects attr ibuted to water qual i ty improvement proce-
dures.

This report was submitted in fulfillment of Contract Number 68-01-
2671 by Oregon State University, Water Resources Research Institute,
under the sponsorship of the Environmental Protection Agency. Work was
completed as of December 1975.
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SECTION I

CONCLUSIONS

1. Two pol lut ion control strategies are essential  to maintain the
water qual i ty of the Wil lamette River. First,  at-source wastewater
treatment must be required at a level sufficient to keep the absolute
po l lu tant  load ing o f  the r iver  w i th in  l imi ts  that  w i l l  a l low the meet ing
of water qual i ty standards. Second, flow augmentation is required to
provide a sufficient volume and depth of water to maintain desirable
waste dilution, stream temperatures, and dissolved oxygen concentrations.

2. Future populat ion growth and/or industr ial  expansion that gen-
erate addit ional wastes wi l l  unbalance the present water qual i ty status.
Thus, higher levels of wastewater treatment, greater augmentation flows
from upstream reservoirs, or some combination of these measures will be
required. Many possibi l i t ies for alter ing wastewater treatment levels
are available as many of the industries which have contributed the
largest  po l lu t ion loads (e .g . , pulp-and-paper mills) have independent
wastewater treatment faci l i t ies and several others (e.g.,  food proces-
sors) could provide various measures of pre-treatment or could separately
treat and dispose of wastes which now enter municipal systems (as already
done to a l imited extent). The poss ib i l i ty  a lso ex is ts  for  greater  f low
augmentation from existing impoundments (at the cost of reducing other
reservoir benefits) or from impoundments constructed in the future.

3 . Very few data exist regarding the energy costs of goods and
services. The abi l i ty to accurately evaluate the total energy commit-
ment associated with the improvement of water quality in the Willamette
Basin is therefore l imited.

4. Capital  energetic costs are important factors in the consider-
at ion of total  annual project costs. The total capital  energies (at-
site construction energy requirements plus the energy required to pro-
duce the materials and equipment incorporated in the finished product) of
a  t reatment  fac i l i ty  can exceed the fac i l i ty 's  l i fe t ime operat iona l
energy requirements.



5. In est imating the energy costs of construct ing water pol lut ion
control faci l i t ies in the Wil lamette Basin, less than 10 percent of the
total is ref lected in the direct on-site needs of a constructor. Much
energy is embodied in the materials and process equipment which are re-
quired for any project. Th is  is  par t icu lar ly  t rue o f  wastewater  t reat -
men t  f ac i l i t i e s . Thus an estimate of the direct construction energy
requirements is not a sufficient measure upon which to judge the total
energy impact  o f  bu i ld ing a fac i l i ty .

6. Electr ici ty used in operating and maintaining water qual i ty
control faci l i t ies represents about 480 Tera Joules (TJ) (140 x 106 ki lo-
Wattahours (kW*hr)),  or nearly seven-tenths of one percent of the total
electrical needs of the Willamette Basin. Large energy savings could be
made by properly designing collection and treatment systems or by rely-
ing more heavi ly upon nature's assimilat ive capacit ies.

7 .  Wastewater  l i f t  s ta t ion costs ,  par t icu lar ly  energy expendi tures,
are important considerations in municipal wastewater control. Pumping
of municipal wastewaters in the Willamette Basin consumes about 25 per-
cent of the energy used in collecting and treating these flows. Some
Willamette Valley cities use more energy pumping flows than in treating
them.

8. Post chlorinat ion of municipal wastewater requires large inputs
of energy. The energy required to produce the chlorine used for this
purpose is equal to between 40 and 50 percent of the electrical require-
ments of operat ing al l  the municipal treatment faci l i t ies in the Wil lam-
ette Basin. However, over-application accounts for a large portion of
this value and a large savings of resources could be realized by proper
surve i l lance o f  th is  prac t ice .

9. Low flow augmentation by the federal reservoir system plays an
important part in the water quality management picture of the Willamette
Basin. The water qual i ty control port ion of the reservoir costs, brief ly
estimated, is equal to less than 10 percent of the capital and one per-
cent of the operational investments made by municipalities and industries
combined.

10. In the past, poor water quality has impeded full development of
the fishery and recreational resources of the Willamette River Basin.
Maintenance or continued improvement of current water quality standards
are a necessary element in the goal of producing an additional 180,900
salmon and steelhead worth in excess of $2,398,000 annually. Other
recreational and aesthetic resources of the River benefit from water
quality improvements. The aesthetic and biologic costs of wastewater
treatment activities seem minor compared with overall benefits.

2



SECTION II

RECOMMENDATIONS

1. Due to the overlapping of tact ics, i t  was not possible to sep-
arately assess the impact of each pollution control technology applied
to wastewater treatment using actual water quality data obtained for the
Willamette River. The separate influences of different wastewater
treatment technologies can be estimated by use of the recently developed
U. S. Geological Survey's Willamette River water quality simulation
model. The water quality associated with each tactic and its corres-
ponding pollutant loadings should be evaluated using this model.

2. Flow augmentation was found to have a highly significant in-
fluence over summer-autumn water quality in the Willamette River. How-
ever, the actual augmented flows varied irregularly and were generally
greater than target f lows at control points along the Wil lamette.
The effects of flow augmentation need to be investigated in a more sys-
tematic manner than from historic data alone. By use of the U. S.
Geological Survey's water quality simulation model, various levels of
flow augmentation can be studied for their influence on river water
q u a l i t y . This should be done in conjunction with the simulation of
dif ferent wastewater treatment tact ics in order to more ful ly explore
alternative means of pol lut ion control.

3. Energy analysis, the association of energy values with various
goods and services, requires a definite commitment of research effort
in  the fu ture . In the construct ion industry this might include close
survei l lance of on-site energy needs for various act ivi t ies.

4. Increased investigat ion of wastewater treatment operat ional
parameters should be undertaken. This work should focus on other than
mainl ine treatment. For example, sludge handling and disposal are be-
coming increas ing ly  impor tant ;  but  re la t ive ly  l i t t le ,  o ther  than p i lo t
plant and demonstration facility data, is known about the costs and
benefi ts of this treatment.

5. Chlorine application should be researched in depth and closely
monitored by regulatory agencies. Chlorine production is highly energy
intensive and a substantial  reduction in i ts use would yield signif icant
energy savings. This fact,  along with chlorine's counter-productive in-
stream biological effects and possible carcinogenicity, clearly shows
the need for further research. This work should include evaluating the
need for bacterial reduction as well as evaluating alternative means by
which this reduction might occur.
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6. A comprehensive look at wastewater collection and treatment,
as they relate to each other and as they relate to other factors such
as transportat ion, land use, and air qual i ty, is needed. For example,
large reg iona l  t reatment  fac i l i t ies  requ i r ing long in terceptor  l ines
and pumping of flows should be carefully evaluated. While economies of
scale may be realized in the treatment end of this work, the resource
al location for the total system could be greater than that required for
an alternative system of several smaller,  local plants.

7. Further research of cost al location in mult i-purpose projects
such as reservoirs is needed. This work should include the evaluation
of negative impacts as well as normally considered benefits and should
not be limited to solely economic considerations.
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SECTION III

INTRODUCTION

BACKGROUND

The Wil lamette River during the f i rst half  of the twentieth century
was described as a "stinking", "ug ly"  and " f i l thy"  r iver- -an "open
sewer" of untreated sewage and wastes. At times the condition of the
Willamette was so "intolerable" that workmen

1
even refused to work on

river-side construct ion near sewer outfal ls. Port land cit izens spear-
headed efforts to bring the deplorable state of the r iver to the atten-
t ion o f  c i ty ,  county  and s ta te  o f f ic ia ls .  But  l i t t le  or  no response re-
su l ted. The worsening situation, documented by water quality tests
conducted by the Oregon State Board of Health and concern expressed by
the U. S. Public Health Service, only slowly made inroads on legislative
i n e r t i a . Additional support from public groups and the League of Muni-
cipalities, backed with further data from surveys by the Engineering
Experiment Station (Oregon State University (OSU)--then Oregon Agricul-
tural College), Oregon State Board of Health (OSBH), and Oregon Fish
and Game Commission, drew administrative response from the Governor's
o f f i ce ,  bu t  s t i l l  no  e f f ec t i ve  l eg i s l a t i ve  ac t i on . F ina l ly ,  in  the face
of continued inert ia from the State Legislature, the ci t izens of Oregon
passed an initiative measure in November, 1938, by a resounding majority
vote, to create the Oregon State Sanitary Authority (OSSA).

The period from 1939, and especially since the end of World War II,
until the end of the 1960's is one of increasing determination and ac-
complishment in abating the pollution of the Willamette River.

Today, because of an aroused citizenry and concerted efforts by
local, state and federal groups, the Willamette River meets demanding
water qual i ty standards throughout i ts length. I t  stands out national ly
as an example of a "r iver returned", a "new river". Although not pris-
tine, the Willamette River has been restored to a cleanliness unknown
since the last century--probably close to that encountered by early
whi te  se t t le rs .

The Willamette River of today offers a broader spectrum of recrea-
tional and scenic opportunities for the people of Oregon than it has
known for several decades. Granted that technological development makes
possible many types of recreation unknown to our forefathers, the fact
remains that for over half a century the river was too badly polluted
along many parts of its length to encourage swimming, boating, hunting,
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fishing, or even viewing--all of which are today enjoyable in those same
locat ions. Plans and programs for r iver-related act ivi t ies, such as
the Willamette Greenway concept throughout the Willamette Valley or the
Johns Landing urban redevelopment near downtown Portland, can at last be
predicated upon the high water quality of the Willamette River.

There have been significant benefits of cleaning up the Willamette
River to both Oregonians and the nation. The example offered by the
Willamette may be repeatable elsewhere in similar basins in efforts to
prov ide "qual i ty "  env i ronments .  But  the costs  o f  re t r iev ing a  "near ly
lost" river are also great and these too must be considered and evalu-
ated. Expenditures of large magnitude had to be made in money, manpower,
materials and energy in order to return the r iver to i ts present desir-
able condit ion. Such expenditures continue year after year so that the
quality of the river may be maintained and improved. The benefits of
pollution abatement have been described in many ways to the public;
hence programs of pol lut ion control have strong cit izen support.  The
direct,  obvious costs of water qual i ty protect ion, such as the costs of
po l lu t ion cont ro l  fac i l i t ies ,  are  genera l ly  known.  But  po l lu t ion con-
trol has less-direct, less-obvious costs which must also be known. For
example, a network of flood control reservoirs provide substantial water
quality benefits through the conservation releases made during the non-
f lood season; these benefi ts are not real ly free but are inherent in the
costs of construct ing, operat ing and maintaining these faci l i t ies.
Similarly, the removal of wastes from municipal and industrial sewage
treatment systems before effluents enter the Willamette River or its
tributaries is accomplished at the cost of producing equipment and chem-
icals (and pollution) elsewhere for use in these treatment systems and
at the cost of producing pollutants at these treatment systems that are
disposed of onto land or into the atmosphere. Real ist ic evaluation of
water pollution abatement must include benefits and costs which extend
beyond the waters of the Willamette River and its tributaries and the
waste treatment plants which line their banks. From a broader perspec-
tive, a clearer picture emerges of the true benefits, costs and impacts
of water quality improvement for a river basin.

The 1970's have fast become an "energy-conscious" decade. Energy
problems faced by the nation have led us, as never before, to evaluate
the energy costs of doing things. Po l l u t i on  con t ro l  f ac i l i t i e s  o f  a l l
types require considerable expenditures of energy for their construction,
operation, maintenance, expansion, and modernization. The Willamette
River "clean-up", therefore, has required the use of a gread deal of
energy. But, hithertofore, no study has been made of the magnitude of
such an energy expenditure to abate pollution in the Willamette River
Basin, or,  for that matter, any other r iver basin.

This report addresses the question of energy expenditures required
to restore the water qual i ty of the Wil lamette River. The energy costs
are described and documented to that extent possible during the study
period with available information and the analyses made therefrom.
Hopeful ly, the results reported and conclusions drawn wil l  help f i l l  a

6
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significant gap in the broad-perspective picture needed for water qual-
ity improvement in a river basin.

PURPOSE OF STUDY

The purpose of the study reported here has been to describe and
document, insofar as possible, the energy costs of the pollution control
techniques that have been used to restore the water quality of a river
basin. The Willamette River is used because it is one of the largest
r ivers in the United States (ranking 12th in size) where a highly signi-
ficant restoration of water quality has been accomplished. Documenta-
tion of the clean-up is excellent and thus a meaningful analysis can be
attempted. The energy requirements of an undertaking such as cleaning
up a river can in many respects be determined from study of the economic
costs  o f  the requ i red fac i l i t ies . Coupled with economic costs and
energy expenditures are a variety of environmental impacts. Further,
the accomplishment of pollution control itself produces many environmen-
tal  impacts. Therefore, in treating the subject of energy costs of pol-
lution control, it is necessary to determine economic costs. Further-
more, it is important to address the environmental impacts in order to
provide a measure for the justification of economic and energy expendi-
tures in r iver clean up.

Four objectives have been pursued to fulfill the study goal. These
object ives are:

1. To document the pollution control strategy that has been em-
ployed to date in improving the water quality of the Willamette
River and to determine the contribution each control technology
has made to the improvement of water quality;

2. To determine the total costs and annualized costs of construc-
tion and operation and maintenance for the pollution control
facilities that have been employed in the Willamette Valley;

3. To determine the total energy consumed by all of the pollution
control faci l i t ies that have contr ibuted to the improvement of
water quality in the Willamette River, including energy costs
of constructing and operating dams (where appropriate) as well
as treatment faci l i t ies and control devices; and

4. To determine the cumulative environmental impact of utilizing
the pollution control strategy employed in the Willamette Basin.
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SCOPE

The study included and was limited geographically to the Willamette
River Basin. The time frame for the study extended from the early
1900's through 1974. During this t ime, the Willamette River experienced
first a period of decl ining r iver qual i ty accompanied by no attempts at
pol lut ion abatement, then a period of organization to confront the pol-
lu t ion prob lem,  and f ina l ly  a  per iod of  restorat ion of  r iver  qual i ty .
By 1972, the present degree of restoration of river quality had been
v i r tua l ly  ach ieved. In the fol lowing two years the principal efforts
have been aimed more at the maintenance of river quality, through im-
proved monitoring, surveillance and enforcement, than at greater degrees
of  res tora t ion. However ,  fu ture  s t ra teg ies  to  fu l f i l l  s ta ted nat iona l
Water quality goals appear to be in the offering, and the present thus
provides a benchmark for surveying what has been accomplished and the
cost of accomplishment in ant icipat ion and preparat ion for the future.

The choice of the Willamette Basin for such a study is important
for several reasons. F i rs t ,  the r iver  exh ib i ts  a  h is tory  o f  dec l ine and
near- to ta l  res tora t ion o f  water  qua l i ty .  Second,  there ex is ts  suppor t
documentat ion regarding input pol lut ion loads, r iver f low condit ions,
and r iver qual i ty over a long period of t ime. Third, the basin is large
and complex, yet manageable, so that lessons learned from it will find
applications to many other basins. Fourth, no one has documented in an
integrated manner the economic, energetic and environmental costs of the
water quality improvement program. Fif th, the Wil lamette is one of the
largest rivers in the United States where such a dramatic increase in
water quality has occurred throughout the river system. Sixth, because
of the successful clean-up of the r iver, much national interest and at-
tention has been focused on the Willamette Basin in recent years. And,
f inal ly, Oregonians col lect ively appear at the forefront as regards many
environmental concerns; therefore, the measures, costs and benefits
which the people have demanded or accepted to abate water pollution are
instruct ional in considering similar efforts elsewhere.

In ful f i l l ing the object ives stated above, l imitat ions were set as
to what types of facilities would be investigated as well as the kinds
of  expendi tures for  each fac i l i ty . The economic and energetic costs of
designing, construct ing, operat ing, and maintaining port ions of munici-
pal wastewater collection and treatment systems, selected industrial
water  po l lu t ion abatement  fac i l i t ies , and federal reservoirs were re-
searched. Municipal col lect ion was l imited to that port ion of the sys-
tem designated as interceptor. The research of industrial expenditures
was l imited to larger companies having self-operated treatment faci l i -
t i e s . Reservoir research excluded those operated by private industry
a n d  u t i l i t i e s .



STUDY APPROACH

The nature of this study has demanded considerable knowledge of the
behav ior  o f  the Wi l lamet te  River ,  inc lud ing i ts  hydro logy,  i ts  qua l i ty ,
and the aquatic l i fe i t  supports. In some respects, the river serves
primarily as a transportation and conveyance system. Yet the river sys-
tem is a habitat for an abundant aquatic life and serves as a recrea-
tional playground for many of the 1.4 million Oregonians who reside in
the basin. Consequently, the study had to be approached from several
perspect ives.

The study team included three faculty members and a research engi-
neer supported by graduate and undergraduate research assistants. Peter
C. Klingeman, Associate Professor of Civil Engineering, a water re-
sources engineer with a background in hydrology and hydraulic engineer-
ing, led the study. Working with him was E. Scott Huff, a research
civil engineer with a Master of Science in Sanitary Engineering.
Herbert H. Stoevener, Professor of Agricultural and Resource Economics,
and Howard F. Horton, Professor of Fisheries, both participated in the
study from their broad backgrounds in environmental impacts of human
activities on water resource systems and their specific, extensive back-
grounds in natural resource economics and aquatic ecosystems, respec-
t i v e l y . Support was provided by Kenneth A. Hanson, graduate research
assistant in Agricultural and Resource Economics, and Charles B.
McConnell and Darrel Gray, graduate students in Fisheries. Frank D.
Schaumburg, Associate Professor of Civil Engineering, was a consultant
to the study, contributing from an extensive background in sanitary and
environmental engineering. Richard J. Heggen, Instructor in Civi l  Engi-
neering, provided considerable technical assistance to the project in
data evaluation and computer services , including the evaluation of water
management computer programs for the Willamette River. Eugene A.
Gravel, undergraduate student in Civil Engineering Technology with
several years of construction experience , contr ibuted in the evaluation
of resource expenditures involved in construct ion act ivi t ies.

The work conducted under objective 1 was based on examination and
analysis of historical descript ive material  and data contained in sev-
eral reports and agency documents. Responsibi l i ty for this phase of the
study was held by Klingeman and Huff.

The study activities necessary to meet objectives 2 and 3 involved
extensive analysis and interpretat ion of construct ion, operation, and
maintenance records for wastewater control facilities and dams. Methods
had to be devised in many instances in order to extend data from such
records into forms usable to describe dollar costs and energy costs.
Responsibility for the work was held by Huff, Stoevener, and Klingeman.

The direct environmental impacts resulting from pollution control
in the Willamette River were determined under objective 4 with greatest
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attention given to the impact of changed water quality caused by waste
treatment faci l i t ies and support ing attent ion given to the impact of
changed hydrologic regimen of the river due to regulation by upstream
reservo i rs . Horton bore principal responsibi l i ty for documenting most
of the work carried out under this objective, with support from Huff and
Klingeman.
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SECTION IV

THE WILLAMETTE BASIN STUDY AREA

GEOGRAPHICAL FEATURES

The Willamette River Basin, shown in Figure 1, encompasses an area
of Western Oregon of 29,676 square kilometers (km2) (11,463 square miles
(mi2)).2  The basin is approximately rectangular, but in the shape of an
arrowhead 240 kilometers (km) (150 miles (mi)) long by 120 km (75 mi)
wide. The valley lies between the Coast Range, to the west, and the
Cascade Range, to the east. The two ranges extend southward to converge
at the Calapooya Mountains and extend northward to the Columbia River.
The Willamette Valley may be described in geological terms as a struc-
tural depression or downwarp with hills of moderate relief in places
separat ing broad a l luv ia l  flats.3 The va l ley  f loor  cons is ts  o f  lake
deposits and other consolidated and unconsolidated alluvium and covers
about 9100 km2 (3500 mi2) with limiting dimensions of 200 km (125 mi) by
50 km (30 mi). Alluvial fans along the edges of the valley extend from
the volcanic and sedimentary formations which comprise the surrounding
mountains. Basin elevations range from 3 meters (m) (10 ft (ft)) mean
sea level (msl), along the Columbia River to 120 m (400 ft) on the val-
ley floor at Eugene to 1200 m (4000 ft) in the Coast Range and above
3000 m (10,000 ft) in the Cascade Range.

The Willamette River drainage system is shown in Figure 1. Formed
by the confluence of the Middle and Coast Forks near Eugene, the river
has a general northward course. Numerous tributaries enter from both
the Coast Range and the Cascade Range. The streams from the west side
of the basin have considerably smaller drainage areas and less-sustained
summer flows than those originating in the Cascade Range. The Willa-
mette River and its main tributaries (in their lower reaches) have broad
floodplains and meander belts. Meandering diminishes in the northern
part of the basin where the rivers are somewhat more confined by adja-
cent topography. The main stem includes short riffles, long deep pools,
the falls at Oregon City, and a tidal reach between the falls and the
mouth.

BASIN CLIMATE

The Willamette Basin climate is characterized by warm, dry summers
and mild, wet winters. The nearby Pacific Ocean dominates the weather
pattern whereas the Coast Range, Columbia River Gorge and Cascade Range
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Figure 1. Willamette River Basin
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have modifying influences. Annual precipitation varies from 0.9 m (35
inches ( in)) on the val ley f loor to well  over 3.3 m (130 in) in port ions
of the mountain ranges, with a basin average of 1.6 m (63 in).

Approximately 70% of the precipitation occurs between November and March.
Temperatures on the valley floor range from a monthly mean of about 4°C
(40°F) in January to about 20°C (70°F) in July. Daily temperatures sel-
dom drop below -20°C (0°F) or rise above 40°C (100°F).

Typical monthly values of air temperature and precipitat ion at
Salem, together with Willamette River streamflow and water temperature
there are shown in Figure 2. Salem is central ly located on the val ley
f loor (see Figure 1), i ts cl imatic and runoff features are representa-
tive for the valley, and the climatic and hydrologic records are of com-
paratively long duration.

RIVER HYDROLOGY

Runoff closely fol lows the annual precipitat ion pattern of the
basin. Streamflows usually peak in December, January or February and
normally reach minimum levels in late summer (see Figure 2). A lesser
spring runoff peak corresponds to gradual snowmelt from the higher ele-
vations of the Cascade Range. Stream temperatures generally reflect
the pattern for air temperature, as modified by snowmelt runoff (Figure
2) .

The main stem originates at the confluence of the Coast and Middle
Forks 301 km (187 mi) from its mouth and at an elevation of about 130 m
(430 f t) ,  msl. Major tributaries are the McKenzie, Santiam, and
Clackamas Rivers, all draining the Cascade Range and foothills, and the
Yamhill River, draining Coast Range slopes (see Figure 3). Tributaries
from the east have higher base flows in summer months than those from
the west, due to melting snow and groundwater storage.

The average annual runoff at successive points along the main-stem
Willamette River and from principal tributaries is shown in Table 1.
U. S. Geological Survey streamgaging stations provide the reference
points for data.

The total Wil lamette Basin runoff,  averaging 30 bi l l ion m3/yr
(G mS/yr)  (24 mil l ion acre-feet per year), places the r iver as 12th
largest in the United States.

NATURAL RESOURCE USE AND DEVELOPMENT

Almost two-thirds of the Willamette Basin is forested. These
lands are predominantly in upland areas. The valley floor and adjacent
lands are predominantly devoted to agricultural and grazing uses--about
one-third of the basin area. Urban zones and local areas of forest are
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Figure 2. Typical patterns for cl imatic and hydrologic variables
at Salem, Oregon.2
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Figure 3. Principal Willamette Basin Reservoirs.
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Table 1. AVERAGE ANNUAL RUNOFF FOR THE WILLAMETTE RIVER AND PRINCIPAL TRIBUTARIESa 

Stream and locations 

Tributaries 

Coast Fork Will. R. nr. Goshen 1,660 642 
Middle Fork Will. R. at Jasper 3,470 1,340 
McKenzie R. nr. Coburg 3,461 1,337 
Long Tom R. at Monroe 1,010 391 
Marys R. nr. Philomath 412 159 
Calapooia R. at Albany 963 372 
Santiam R. at Jefferson 4,630 1,790 
Luckiamute R. nr. Suves 620 240 
Yamhill R. at Lafayette 1,900 735 
Pudding R. at Aurora 1,240 479 
Molalla R. nr. Canby 836 323 
Tualatin R. at West Linn 1,840 710 
Clackamas R. nr. Clackamas 2,420 936 

Main Stem 

Willamette R. at Springfield 5,260 
Willamette R. at Harrisburg 8,850 
Willamette R. at Albany 12,500 
Willamette R. at Salem 18,800 
Willamette R. at Wilsonville 21,700 
Willamette R. at Portland 28,700 

2,030 
3,420 

% 
8:400 

11,100 

Average 

1,680 1,500 1,220,000 
3,970 3,540 2,870,OOO 
5,400 4,820 3,910,000 

780 700 565,000 
460 410 333,000 
910 810 659,000 

8,200 7,330 5,940,ooo 
880 790 637,000 

2,250 2,010 1,630,OOO 
1,220 1,090 883,000 
1,130 1,010 818,000 
1,490 1,330 1,080,OOO 
3,700 3,310 2,680,OOO 

164 5,780 5,160 4,180,OOO 
328 11,600 10,400 8,400,OOO 
408 14,400 12,800 10,400,000 
665 23,500 21,000 17,000,000 
739 26,100 23,300 18,900,OOO 
934 33,000 29,500 23,900,000 

annual runt 
VoIume 

lob m3/yr lcre-footlyr 

Data are for the period 1928-1963 from reference 2. 
the Willamette River are used. 

For tributaries, gaging stations nearest 
Some reported values are approximate. 



interspersed with farming on the val ley f loor and foothi l ls.  Almost
half  of the basin land area is in publ ic ownership (federal,  state,
county, municipal).

The economic development of the Willamette Basin is oriented to its
natural resources. The basin is a major center for agriculture, t imber
production, food processing industr ies, including canneries, and forest
products industr ies, including pulp and paper mills. Business, commerce,
government, and learning are significant to the basin economy. Recrea-
t ional act ivi t ies are a major facet of basin l i fe and are oriented to
f ish  and wi ld l i fe ,  water  spor ts  and out -o f -doors  ac t iv i t ies  in  the for -
ests and mountains.

Extensive forests cover the majority of the Willamette Basin except
on the va l ley  f loor . Elevation is the principal determinant of vegeta-
tion zones. The valley zone below the 300 m (1,000 ft) elevation level
has been extensively converted to agricultural and urban uses. However,
scattered forest stands of softwoods and hardwoods occur, including
Douglas-fir, cottonwood, alder, Oregon ash, bigleaf maple and white
oak.4 The principal forest zone lies between 300 m (1,000 ft) and 1200
m (4,000 ft) elevations, where much of the timber resource is harvested.
Extensive pure stands of Douglas-fir predominate over western hemlock,
western red cedar and the true firs. The upper slope forest zone, be-
tween 900 m (3,000 ft) and 1,800 m (6,000 ft) elevations and marked by
precipitation ranging from 2.3 m (90 in) to 3.6 m (140 in) annually, is
primari ly commercial forest.

.4
The predominant stands are true firs and

mountain hemlocks Meadows, lakes, and rock outcrops are frequent in
this zone. The subalpine forest zone above 1,500 m (5,000 ft) of eleva-
tion has a very short growing season (30 days). Subalpine firs, moun-
tain hemlock, white-bark pine, and ground juniper are the principal tree
species. Tree stands are scattered and mixed with meadows, barren areas
and lakes.

Timber-based industries in the Willamette Basin are oriented to the
unique character of Douglas-fir stands found in western Oregon and west-
ern Washington.4  Climatic influences have provided an environment which
allows a Douglas-fir vegetative system to provide large growth of rela-
t ively uniform size and age in part icular stands. To sustain this t im-
ber resource, a harvesting pattern of patchcutting and clearcutting has
been adopted which is highly efficient for commercial extraction.

The temperate, climate, abundant water, and fertile soil with broad
capabilities have made agriculture the second most important use of land
resources in the Willamette Basin after timber harvesting. On the val-
ley floor, timber stands were removed by early habitants to provide
needed space for farming. About 11,000 km2 (4,400 mi2) are suitable for
cult ivat ion, with 8,800, km2 (3,400 mi2) presently used and the remainder
forested or in urban use.4  Soi l  capabi l i t ies to produce crops over long
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periods vary. About half  of the suitable land exhibits excessive wet-
ness due to high water tables, poor internal drainage characterist ics of
the soi l ,  inadequate drainage outlets, or overf low condit ions. This has
required crop adaptat ion and l imits productive yields.

Principal crops include grass seed crops, the growth of which is
well adapted to land wetness problems. A substant ia l  l i vestock indust ry
is supported by improved hay and pasture lands. Gra in  crops,  ch ie f ly
wheat and barley are grown. The grain and grass crops support the live-
stock industry during winter months. Fruit  and vegetable crops are
quite important, among these snap beans, sweet corn and filberts supply
a signif icant fract ion of the nation's needs.

Mineral production in the Willamette Basin is not extensive, about
$20 million annually.4  Most of the production focuses on sand, gravel,
stone and cement for the construction industry. A great deal of the
sand-and-gravel needs have been met from streambeds and adjacent former
channels of the valley streams. Production of metallic minerals has
been mainly l imited to mercury, gold, si lver, copper, lead, and zinc.
The total value of al l  such production is relat ively small  ($3 mil l ion
since 1900).

Fish and wildlife resources in the Willamette Basin take on a sig-
nificance far beyond economic importance. This has been attributed to
"the pioneer heri tage, which orients the Wil lamette resident to his
natural environment" and "has remained as a part of the regional charac-
ter" with f ish and wildl i fe resources "one of the threads of the total
environment that makes the Willamette Basin a desirable place to live".4

Resident fish abound in the streams, lakes and reservoirs of the
basin. The Willamette main-stem is a migration route for a growing
anadromous fish population. Wildlife species are numerous in the basin,
both in lowland and upland zones. The Pacific Flyway, a major route for
migratory birds, depends upon the Willamette Basin both for migrating
and for wintering populat ions. Lowland streams, lakes, reservoirs, and
wetlands are essential for resting and feeding areas.4

STORAGE RESERVOIRS

Thirty nine reservoirs in the Willamette Basin have usable storage
capacities of 320,000 m3 (300 acre-feet) or more. The larger reservoirs
tend to be federal and the smaller ones privately or municipally owned.

The present federal development of Willamette Basin water resources
includes 13 Corps of Engineers (C of E) dams and reservoirs. Ten of
these function as storage projects and three serve as reregulating sys-
tems to dampen out the streamflow fluctuations caused by hydroelectric
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power production at dams immediately upstream. The 10 storage reser-
voirs are (from north to south in the basin): Detroit ,  Green Peter,
Blue River, Cougar, Fern Ridge, Fall Creek, Lookout Point, Hills Creek,
Dorena, and Cottage Grove. The 3 reregula t ing reservo i rs- -B ig  Cl i f f ,
Foster, and Dexter--are just downstream of Detroit, Green Peter, and
Lookout Point, respectively.

The locations of these reservoirs and several private and municipal
reservoirs for industrial and power storage in the Willamette Basin are
shown in Figure 3.
( largest =

The reservoirs are numbered by order of size
1) and are described in Table 2. Most are situated in foot-

hill portions of the Cascade Range. Fern Ridge Reservoir is the only
" va l l ey  f l oo r "  p ro jec t . Al l  reservoirs have similar hydrologic and cl i-
matic sett ings. The watersheds have differing soils and geologic forma-
t i ons .

The hydrologic characteristics of the basin allow most of the flood
control storage al location at reservoirs to be used, outside of the win-
ter f lood season, for conservation storage and use. Storing normally
occurs between February and May. Storage releases for navigation are
designed to provide adequate water for the deep-draft navigation channel
from the mouth of the Willamette upstream through Portland, for the
shal low-draf t  nav igat ion lock  a t  Wi l lamet te  Fa l ls  ( f i rs t  bu i l t  in  1873) ,
and for a shallow-draft channel from the falls upstream to the Albany-
Corval l is area. Storage releases for irr igat ion occur throughout the
growing season. Separate storage allocations for exclusive power use
are included at several reservoirs. The basin power requirements exceed
in-basin generating capacity and hydroelectr ic generation is required
year-around. In late autumn of dry years, additional drafting of some
federal reservoirs may be required to supplement hydroelectric genera-
tion on the Columbia River. While recreation is not an authorized pur-
pose for most storage projects in the Willamette Basin, it is in fact a
significant summer activity and reservoirs are operated to accommodate
recreational interests as much as possible. Municipal and industr ial
storage reservoirs are commonly smaller than 1,000,000 m3 (1,000 acre-
ft)  and divert water into pipel ine transmission systems for del ivery to
the user areas.

DEMOGRAPHIC FEATURES

Principal urban centers are Metropolitan Portland, Salem, Corvallis-
Albany, and Eugene-Springfield. These and smaller towns and communities
are surrounded by agricultural and forested lands so as to maintain ves-
t iges o f  rura l  se t t ing . Transportat ion corr idors for highways and rai l-
roads provide essential links and weave the communities together.
Three-fourths of the basin residents live in urban areas; most live
within 20 km of the Willamette River.4
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Table 2. STORAGE RESERVOIRS IN THE WILLAMETTE BASIN WITH 1 MILLION CUBIC 
METERS OR MORE OF USABLE STORAG 

Rank Reservoir name 

1 Lookout Point 

2 Detroit 

3 Green Peter 

4 Hills Creek 

5 Cougar 

6 Fall Creek 

7 Fern Ridge 

8 Blue River 

9 Dorena 

10 Timothy Lake 

11 Foster 

12 Cottage Grove 

13 Smith 

14 North Fork 

15 Dexter 

16 Trail Bridge 

17 Big Cliff 

18 Dallas 

Stream 

Mid Fork Willamette R. 

N. Santiam R. 

Mid Santiam R. 

Mid Fork Willamette R. 

S. Fork McKenzie R. 

Fall Cr. 

Long Tom R. 

Blue R. 

Row R. 

Oak Grove Fork 

S. Santiam R. 

Coast Fk Willamette R. 

Smith R. 

Clackamas R. 

Mid Fork Willamette R. 

McKenzie R. 

N. Santiam R. 

Rickreall Cr. 

peratorb 

C of E 

C of E 

C of E 

C of E 

C of E 

C of E 

C of E 

C of E 

C of E 

PGE 

C of E 

C of E 

EWEB 

PGE 

C of E 

EWEB 

C of E 

Dallas 

Year 
placed in 
operation 

1954 

1953 

1966 

1961 

1963 

1965 

1941 

1968 

1949 

1956 

1966 

1942 

1963 

1958 

1954 

1963 

1953 

1960 

Usable storage 

IO6 m3 

431 

420 

411 

307 

204 

142 

136 

105 

87 

76 

41 

38 

12 

7 

6 

3 

3 

1 

Acre ft 

349,400 

340,000 

333,000 

249,000 

165,100 

115,000 

110,000 

85,000 

70,500 

61,650 

33,600 

30,600 

9,900 

6,000 

4,800 

2,750 

2,430 

1,200 

T 

Authorized 
purposesc 

FC, N, I, P 

FC, N, I, P 

FC, N, I, P 

FC, N, I, P 

FC, N, I, P 

FC, N, I 

FC, N, I 

FC, N, I 

FC, N, I 

P, R 

FC, P 

FC, N, I 

P 

P, R 

P 

P 

P 

M&I 

a Data Sources: References 2, 4, and 5. 
b C of E=Corps of Engineers; PGE=Portland General Electric; EWEB=Eugene Water & Electric Board; 

Dallas=City of Dallas. 

' FC=flood control; N=navigation; I=irrigation; P-power; R=recreation; M&I=municipal & industrial. 
All existing Federal reservoirs are used for recreation, even though not so authorized. 



The 1970 population of the Willamette Basin is estimated to be 1.4
m i l l i o n . 6 Its distr ibut ion within the basin among populat ion centers is
shown in Figure 4 and in Table 3. The overal l  populat ion density in the
central and southern part of the basin is about 25 persons per square
kilometer, with maximums of about 1,200 persons per square kilometer in
the largest urban centers. The overal l  populat ion density in the
northern quarter of the basin is about 120 persons per square kilometer
(adapted from reference 4).

WATER SUPPLY DEVELOPMENT

Municipal water in the basin was provided by 78 developments in
1965. About half of these systems, serving 10% of the basin population,
were based on ground water sources.4  About 80% of the municipally-
served population obtained their water from the Portland, Eugene, Salem
and Corvallis surface water systems. Of these four areas, only Corval-
lis relies heavily on Willamette River water for the large summer de-
mands; the others obtaining all or most of their supplies from water-
sheds or large tributaries of the Willamette (Bull Run Watershed,
McKenzie River, Santiam River, for Portland, Eugene, and Salem, respec-
t i v e l y ) . Corval l is obtains part of i ts supply from a municipal water-
shed also.

Rural domestic water supplies are primarily obtained from ground
water sources.

Industrial water demands are met both from municipal systems and
from independent sources. Food processing and pulp-and-paper manufac-
turing represent the most significant industrial water demands in the
valley; the former industry is mainly supplied by municipal systems
whi le  the la t ter  indust ry  is  a lmost  ent i re ly  self-supplied.4  Indepen-
dent industrial systems rely both on surface water and ground water for
the i r  supply .

WASTEWATER TREATMENT FACILITIES

As of 1974 there were 130 municipal and 72 industrial wastewater
dischargers operating in the Willamette Basin. While many of the
smal ler  fac i l i t ies  are  located on t r ibutar ies ,  the major i ty  o f  the
wastewater effluent, after treatment, is released to the main-stem
Willamette River.

The principal operat ing municipal and industr ial  wastewater treat-
ment faci l i t ies are l isted in Table 4. Their locations are shown in
Figure 5.
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Figure 4. Population centers in the
Willamette Basin.
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Table 3. POPULATION CENTERS IN THE WILLAMETTE BASINa

Population center
1970

populat ion

Portland

Eugene

Salem

Corva l l is

Spr ingf ie ld

Beaverton

Albany

Milwaukie

Hi l lsboro

Lake Oswego

Estimated basin population

a Source: reference 6.

379,967

79,028

68,480

35,056

26,874

18,577

18,181

16,444

15,372

14,615

1,400,000
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Table 4. PRINCIPAL WILLAMETTE BASIN MUNICIPAL AND INDUSTRIAL
WASTEWATER TREATMENT FACILITIES IN 1974.

Mun i c i pa l  f ac i l i t i e s

1. Portland-Columbia Boulevard

2. St. Helens

3. Salem

4. Eugene

5. Albany

6. Corva l l is

7. Spr ingf ie ld

8. Portland - Tryon Creek

9. Fanno Creek

10. Oak lodge

11. Hillsboro - West

12. Oregon City

13. Milwaukie

14. Beaverton

15. Gresham

16. Metzger

17. Forest Grove

18. McMinnville

19. Sunset Valley

20. Lebanon

I n d u s t r i a l  f a c i l i t i e s

A . Wah Chang, Albany

B . Rhodia, Portland

C. Pennwalt, Portland
D . Evans Products, Corvallis

E. Boise Cascade, Salem

F. Publishers Paper, Oregon City

G. Publishers Paper, Newberg

H. Crown Zellerbach, Lebanon

I . Weyerhauser, Springfield

J . Western Kraft, Albany

K. Crown Zellerbach, West Linn

L . American Can, Halsey

M. Kaiser Gypsum, St. Helens

N. Stimson Timber, Forest Grove

O. Boise Cascade, St. Helens
P. Oregon Metallurgical, Albany

Q. Union Carbide, Portland

R. General Foods, Woodburn

S . Tektronix, Beaverton

T . Pacific Carbide & Alloys,
Portland
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Figure 5. Principal Willamette Basin municipal and industrial
wastewater treatment faci l i t ies in 1974.
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SECTION V

THE STRATEGY USED TO CLEAN UP THE WILLAMETTE

DEFINITION OF TERMS

The term "s t ra tegy"  f inds re la t ive ly  l i t t le  use in  leg is la t ion
establishing and regulating the functions of agencies which serve the
publ ic . Its use is equally scarce in agency statements of mission,
program, and goals. However, the word is becoming more common in
present-day environmental planning. To describe the "clean-up" strategy
used for the Willamette River, several terms must first be defined.

Strategies for water quality planning and decision-making are here
considered to be the concepts and procedures followed in the comprehen-
sive employment of available resources to accomplish set goals. Tactics
are here considered to be the processes, methods, and maneuvers followed
for the immediate or local employment of resources to accomplish ele-
ments of the set goals. Tactical plans and actions are subordinate to
s t ra teg ic  p lans and s t ra teg ic  p lans are  l imi ted by tac t ica l  capabi l i t ies .

A mission is here considered to be the business with which an
agency is charged or the orientation that provides focus for the agen-
cy ' s  e f f o r t s . Thus an agency may have a developmental, regulatory, or
protect ive mission. A goal is construed to be a statement of purpose,
aim, or aspirat ion describing the end that the agency str ives to attain;
the end toward which agency effort is directed. A goal is describable
at  var ious leve ls  o f  genera l i ty ;  i ts  a t ta inment  is  therefore  o f ten
d i f f i cu l t  t o  j udge . An objective is a translation of a goal into a more
specif ic,  operat ional statement with a def ini te target,  the attainment
of which is much more readily judged. In translating a broader goal
into more specific terms it may be necessary to describe several objec-
tives so that essential, unexpressed elements of the goal are retained
(i .e.,  several object ives may be consistent with a single goal).  Ob-
ject ives are associated with goals. Guidelines are here considered to
be an agency's stated suggestions and recommendations for ways in which
objectives can be met. Guidelines are normally expected to be followed
unless dev ia t ions f rom the gu ide l ines are  jus t i f iab le .  Pr inc ip les  are
the ethics and rules that dictate how an agency will act and conduct
i tse l f  on par t icu lar  mat ters . Pol icies are guiding principles on which
an agency is assumed to base a course of action that will lead toward
achieving a goal or object ive. Therefore,  pr inc ip les ,  par t icu lar ly
guiding principles (pol icies) must be consistent with establ ished goals
and objectives.
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Tactics, then, are the actions taken by an agency in order to meet
i ts  funct iona l  ob jec t ives . Strategies, on the other hand, are more
closely related to the translat ion of agency mission into accomplishable
goals. Strategies derive from the formulation of approaches by which
the goals (and hence the mission) of the agency can be met. Policies
and principles express the conduct that the agency itself expects to
fo l low in  car ry ing out  i ts  s t ra teg ies  and tac t ics  to  fu l f i l l  goa ls  and
ob jec t ives . Guidelines express the non-compulsory conduct that the
agency expects others to follow in order to assist the agency in carry-
ing out  i ts  s t ra teg ies  and tac t ics  to  fu l f i l l  goa ls  and ob jec t ives.

THE SEARCH FOR AN APPROACH TO POLLUTION CONTROL

The history of efforts to improve water qual i ty in the Wil lamette
River is given an excellent, detailed review by Gleeson  in "The Return
of a River". Much of this work.was given broad national exposure in
"The Fourth Annual Report of the Council on Environmental Quality".8 A
few salient points are summarized in the following paragraphs.

Awareness of the deplorable water quality in the Willamette River
and an outcry to do something about the problem came early in the 1900's,
principally from aroused citizens, the Oregon State Board of Health
(created in 1903), and the U. S. Public Health Service. Chemical analy-
ses of Willamette River water were first made in 1910. Laws related to
pollution were adopted by the State as early as 1919 but were ineffec-
tual in deal ing with the pol lut ion problems of the Wil lamette River.
The 1920's and 1930's provided the first extensive field surveys and
tests to determine the sources and severi ty of r iver pol lut ion, with
numerous reports presented. The number of advocates of pollution abate-
ment grew during this period. The period ended with the passage of an
initiative measure by the people in 1938, creating the Oregon State
Sanitary Authority (OSSA).
abatement efforts in 1939.

Th i s  Au tho r i t y  i n i t i a t ed  i t s  po l l u t i on
However, the program was delayed by World

War I I . Further detai led studies of r iver pol lut ion were conducted by
OSSA from 1944 onward and documented the worsening condition of the
river through the 1950's. The absolute pollution load of the Willamette
River probably was greatest by the late 1950's and early 1960's, accord-
ing to indirect measures such as dissolved oxygen level (DO) and biolo-
gical oxygen demand (BOD) of the river water.

Until 1935, there was nothing approaching a pollution control
strategy for the Wil lamette River. In that year, a Stream Purif icat ion
Committee under the Oregon State Planning Board was created to study,
among other topics, the Oregon Law dealing with stream pollution.7 It
was found that existing laws were unrelated, uncoordinated, lacking in
direct responsibi l i ty for enforcement, overlapping and dupl icat ing, too
drastic in their penal sect ions, probably unconsti tut ional in some
sections, impract ical of enforcement, lacking in proper delegation of
administrative powers, lack ing in  d i rec t  cont ro l  over  munic ipa l i t ies ,
and impossible as regards progressive, amelioratory regulation. From a
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subsequent review of statutes known to be effective elsewhere, 17 "prin-
ciples" were set out that should be embodied in effect ive anti-pol lut ion
leg is la t ion.

Thus, by 1938 a framework for an approach to pollution control
existed on paper.

Meanwhile, the press of events led to the initiative measure
creating the OSSA. With passage, an agency was born that was to lead
the way in abating the pollution of the Willamette River.

A STATE AGENCY FOR WATER QUALITY CONTROL

Passage of the "Water Purification and Prevention of Pollution Bill"
in the 1938 elect ion created the State Sanitary Authority as a division
within the Oregon State Board of Health. OSSA consisted of six members:
the State Health Officer, the State Engineer, the Chairman of the Fish
Commission, and three members appointed by the Governor, one from each
of Oregon's three Congressional distr icts.

OSSA was organized in February 1939. However, funding was insuf-
f ic ient at f i rst to al low the employment of adequate staff  personnel to
carry out ful ly the program specif ied by the 1938 act. With t ime the
engineering staff  grew, although init ial ly considerable rel iance had to
be placed on voluntary cooperation with others in order to develop the
Authority 's program. OSSA's administration functions were enlarged in
1959 to include the State's air qual i ty control program.

Over the years, OSSA evolved the standards of quality for the pub-
l ic waters of the State from the base establ ished in 1938. During this
period, numerous changes in the laws were made to update and strengthen
the State program of water quality control.

The Oregon Legislature, on July 1, 1969, replaced the then-existing
State Sanitary Authority with the newly created Department of Environ-
mental Quality (DEQ), separate from the OSBH. The DEQ consists of an
Environmental Quality Commission, a Director, and professional and sup-
p o r t  s t a f f . The five lay Commission members are appointed by the
Governor, subject to confirmation by the State Senate. The Commission
"establ ishes pol icy for guidance of the director and staff ,  reviews and
confirms or modif ied staff  act ions, adopts rules and regulat ions, issues
orders and authorizes and directs legal enforcement actions". 9
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A STATE POLICY ON WATER POLLUTION

Oregon's first comprehensive pollution control policy was expressed
by the water quality control laws passed in 1938. These laws were sub-
stantially modified by the State Legislature in 1961 and further changed
at each succeeding legislative session. In 1967 these laws were comp-
letely rewrit ten and greatly strengthened. In addit ion, the standards
and programs of the OSSA and DEQ have likewise been dynamic (rather than
static) in the sense of changing to meet the altered conditions encoun-
tered over the years.

The present policy of the State,10  as embodied in Oregon Revised
Statutes (ORS) Chapter 449 Section 077, first recognizes that "the
pol lut ion of the waters of this state const i tutes a menace to publ ic
health and welfare, creates publ ic nuisances, is harmful to wi ldl i fe,
f ish  and aquat ic  l i fe  and impai rs  domest ic ,  agr icu l tura l ,  indust r ia l ,
recreational and other legit imate beneficial  uses of water" and that
"the problem of water pol lut ion in this state is closely related to the
prob lem of  water  po l lu t ion in  ad jo in ing s ta tes. "  I t  i s  then "dec lared
to be the publ ic pol icy of the state to:

- conserve the waters of the state;
- protect,  maintain, and improve the qual i ty thereof for publ ic

water suppl ies, for the propagation of wi ldl i fe, f ish and
aquat ic  l i fe  and for  domest ic ,  agr icu l tura l ,  indust r ia l ,  muni -
c i p a l , recreational and other legit imate beneficial  uses;

- to provide that no waste be discharged into any waters of this
state without f i rst receiving the necessary treatment or other
correct ive act ion to protect the legit imate beneficial  uses of
such waters;

- to provide for the prevention, abatement, and control of new or
ex is t ing water  po l lu t ion;

- to cooperate with other agencies of the state, agencies of
other states and the Federal Government in carrying out those
objectives."

The original state policy, established in ORS 449.077 in 1938 and
only sl ightly revised 23 years later by action of the state legislature
in 1961, was a considerably more general statement. It reflected the
concern of the state and the need for standards of purity but did not
mention the specif ic strategy which later evolved. This strategy is
referred to in the present pol icy with the words "f i rst receiving the
necessary treatment or correct ive act ion". The original pol icy, with
s l ight  rev is ion in  1961,ll  was to :

"(a) Maintain reasonable standards of purity of the water of all
rivers, streams, lakes, watersheds and the coastal areas of
the state consistent with the protection and conservation of
the public health, recreational enjoyment of the people,
the economic and industrial development of the state,
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and for the protection of human life and property and con-
servation of plant,  aquatic, and animal l i fe.

(b) Foster and encourage the cooperation of the people, indus-
tr ies, incorporated cit ies and towns and counties in pre-
venting and control l ing the pol lut ion of those waters."

Most  s ign i f icant ly ,  the or ig ina l  1938 act  prov ided a f lex ib le
framework to implement the expressed state policy, a framework which
could be modified and updated over time to assure reasonable water
purity as conditions in the Willamette Basin changed over the years.
This framework to carry out the goals and objectives was embodied in
ORS 449.086, which gave the Commission of the OSSA the authority to
establ ish standards of water qual i ty and purity. Hearing procedures
were established and responsibility for compliance with standards was
c lear ly  s ta ted.

The standards of water quality which the OSSA (and later the DEQ)
was to establish, maintain and upgrade thus became the mechanism for the
state to achieve pollution abatement, The standards provided a frame-
work against which to judge if pollution abatement was in fact being
achieved. They could therefore be used as the means of supporting a
pollution control strategy and giving guidance as to the necessary
tactics to undertake in order to assure the success of that strategy.

A POLLUTION CONTROL STRATEGY: STANDARDS OF WATER QUALITY AND AT-SOURCE
WASTE TREATMENT

The translation of state policy and OSSA mission into accomplish-
able goals required some type of strategy or guiding course of action.
The nature of the strategy had been expressed in the original 1938 act:

". . .maintain reasonable standards of puri ty of the water.. ."

In effect,  the water pol lut ion control strategy used by the State
of Oregon has been to establish and maintain effective standards of
qual i ty and purity for the waters of the state and to require appropri-
ate measures of at-source wastewater treatment so that these standards
wil l  be met.

The statutory authority of ORS 449.086 permitted OSSA (later DEQ)
to issue Administrative Orders concerning these water quality standards.
In 1947 OSSA adopted regulation I entitled "Standards of Purity for
Waters of the State of Oregon and General Requirements for the Disposal
Therein of Sewage and Industrial Waste". These standards were published
under Chapter 340, Oregon Administrative Rules (OAR). In addition to the
"Standards" in OAR, Subdivisions of Chapter 340 now include consideration
of sewage and waste treatment plant operation, disposal of industrial
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wastes, construction and use of waste disposal wells, regulations per-
taining to waste discharge permits, and state f inancial assistance to
publ ic agencies for construct ion of pol lut ion control facilities.12

The essence of the current water quality standards is to: (a)  re-
quire the highest and best practicable treatment and control of waste-
water; (b) place restrictions on the discharge of sewage and industrial
wastes and human act ivi t ies that affect water qual i ty;  (c) maintain the
standards of water quality; (d) implement treatment requirements; (e)
specify general water qual i ty standards that apply to al l  State waters;
and (f) del ineate special water qual i ty standards designed to protect
beneficial  water uses in specif ical ly designated waters.

The general water quality standards prohibit the discharge of
wastes or the conduct of activities which either alone or in combination
with other wastes or activities cause effects which deviate from the
estab l ished cr i te r ia . The criteria applicable to surface waters address:
dissolved oxygen concentrat ions; hydrogen ion concentrat ions; l iberation
of dissolved gases; fungi and other growths; creat ion of tastes, odors,
toxic or other undesirable condit ions; formation of bottom deposits,
sludge deposits or other organic or inorganic deposits; object ionable
d isco lora t ions,  turb id i ty ,  scum,  o i ly  s l icks  or  f loat ing so l ids ;  bacter -
ial  pol lut ion; temperature increases; offensive aesthetic condit ions;
and radioisotope concentrations.

dards
Special water quality standards that go beyond the general stan-

have been applied to several rivers, including the Willamette and
some of  i ts  t r ibu tar ies . These set more stringent criteria for measur-
ing dissolved oxygen, Coliform organisms, turbidity, temperature, and
dissolved chemical substances.

The water pollution control strategy required that compliance be
made with the established standards by appropriate means of controlling
waste discharges and related act ivi t ies at their sources. However, in
order to determine what those means might be (i.e., to evolve the tac-
tics that would allow accomplishment of the strategy) it was necessary
to measure the condition of the river in comparison with the criteria
for  des i rab le  water  qual i ty . Therefore, the irregular r iver sampling,
carried out in the early 1900's to determine the poor condition of the
river, had to be changed in emphasis. Problem areas had to be better
pinpointed along the r iver and the relat ive inf luences of various types
of waste discharges upon the river condition better understood. This
cal led for routine r iver sampling. More recently, continuous monitoring
was instituted by means of which compliance with the water quality stan-
dards could be checked, verification could be made that waste discharges
complied with permits regulating those discharges, and violations of the
standards could be recognized for enforcement purposes.

31



Determination of the appropriate measures to accomplish at-source
wastewater treatment required an evolutionary period of almost three
decades. In  e f fec t ,  th is  par t  o f  the po l lu t ion cont ro l  s t ra tegy cons is-
ted of a sequence of try-and-see tactics, each going one step further in
at-source wastewater treatment, followed by a period of observation of
the r iver condit ion in order to discover the degree of water qual i ty
improvement brought about by the part icular tact ic. Unfortunately, as
far as such an approach was concerned, the Basin population, industrial
base and wastewater characteristics did not remain static during the
intervening years. Thus, tactics overlapped whenever it became clear
that those currently being tr ied were not closing the "pol lut ion gap"
rapidly enough. Consequently, the effect iveness of individual tact ics
was not always directly measurable.

POLLUTION CONTROL TACTICS: ACTION UNDER THE STRATEGY

The early river sampling surveys had shown water pollution to be
severe downstream from the effluent discharges of municipalities along
the mainstem Willamette River. Consequently, as the newly formed OSSA
began to gather better data on the river's waste loads and water quality
there was already enough factual information to form the basis for some
immediate actions. Thus, in 1939 the f irst of over a half-dozen dis-
tinct, overlapping tactics was initiated as the OSSA began the "game of
catch-up" on Willamette River water quality which was to last for over
three decades, unti l  the early 1970's.

Tact ic 1: Primary Wastewater Treatment for Mainstem Municipalities

One of OSSA's first actions when its program was started in 1939
was to  not i fy  a l l  munic ipa l i t ies  and indust r ies  o f  the i r  respons ib i l i ty
under the new law to install adequate sewage and waste treatment facil-
ities. OSSA adopted a regulation which included provision for a mini-
mum dissolved oxygen content of 5 parts per million (PPM) or milligrams/
l i t e r  ( m g / l ) . It was thought that the early standards of water quality
adopted by OSSA could be met if most of the municipalities on the main
stem of the Willamette River undertook primary treatment of wastes,
fo l lowed by e f f luent  ch lor inat ion. Primary treatment was considered to
mean the removal of not less than 35% of the average 5-day BOD and at
least 55% of the suspended solids. Therefore, Tactic 1 was to require
mainstem Wil lamette municipal i t ies to instal l  pr imary treatment of
wastes.

In response to instructions from OSSA, municipalities began in the
1940's to plan for the instal lat ion of the necessary treatment faci l i -
t i e s . The first compliance with this tactic was in 1949, when primary
treatment plants were completed at two cities. By 1957 all municipalities
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on the main stem of the Willamette River except Portland had complied
wi th  the or ig ina l  d i rec t ive . Port land, with i ts numerous outfal ls for
raw wastes, had intercepted most of these outfalls and was providing
primary treatment of the intercepted wastes before discharging them
directly to the Columbia River, where much greater dilution flows were
available.

Evaluat ion of the effect iveness of this tact ic was faci l i tated when
OSSA began routine river sampling in 1950. Periodic surveys were also
conducted on a more comprehensive scale. The first comprehensive OSSA
survey, in the summer and fall of 1957, showed that the degree of treat-
ment in effect at that t ime was st i l l  insuff ic ient to meet the water
q u a l i t y  standards.11

Tact ic 2:
Wil lamette.

Sulfite Waste Liquor Control by Pulp-and-Paper Mills on the

The second tactic was directed toward control. of industrial waste-
water discharges from the sizeable pulp-and-paper firms located on the
Wil lamette River. Prior to a public hearing in early 1950, l i t t le had
been accomplished toward abating pollution from such sources. Sulfite
waste liquors entering the river from pulp-and-paper mills between Salem
and Portland were reportedly responsible for about 84% of the total pol-
lution load in the river (based on oxygen demand), exclusive of pollu-
tant loads from tr ibutary streams and the city of Portland.11

An order was issued by OSSA in May 1950 that the pulp-and-paper
mills, by May 1952, cease discharging concentrated sulfite waste
liquor into the main Willamette River during July, August, September,
and October of each year and at all other times when the Willamette
River flow at Salem was less than 2OOmS/s  (7,000 cfs). An analogous
directive applied to a mill responsible for about 91% of the oxygen de-
mand on the South Santiam River.

Therefore, Tactic 2 was to require that part icular pulp-and-paper
industry wastes that exerted a large oxygen demand be held from the
river during those low-flow periods when such a demand could be most
de le ter ious to  the r iver .

In response to this order, the several mills developed plans for
spec ia l  t reatment  and d isposa l  fac i l i t ies .  The fac i l i t ies  deve loped
included evaporative concentration followed by either burning or spray
drying for by-product recovery, impoundment for later release during
periods of higher streamflow, and barging of concentrated spent sulfite
liquor to the Columbia River for disposal.
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The 1957 comprehensive survey of river pollution sources showed
that wastes from the sulf i te pulp-and-paper mil ls st i l l  represented
about 64% of the total oxygen demand of all pollution loads discharged
to the Wil lamette and i ts major tr ibutaries.

Tact ic 3: Selective Secondary Treatment and Accelerated Progress in
Primary Treatment

Considerable progress in primary treatment had been made by 1957.
In  sp i te  o f  th is ,  cer ta in  s t re tches o f  the Wi l lamet te  R iver  fe l l  fa r
short of desirable water qual i ty. The continued increase of population
and expansion of industry, together with urban growth that outstripped
efforts to provide adequate sewerage faci l i t ies, al l  contr ibuted to the
continuation of pol lut ion problems.

The unsatisfactory condition of the Willamette River shown by the
1957 survey led to decisions by OSSA in 1958 which are here represented
as tact ic 3. These included instructions to the cities of Eugene,
Salem and Newberg (each with high industrial waste loadings) to install
secondary sewage treatment faci l i t ies, the city of Port land to accel-
erate its program for intercepting and treating raw wastes, and the
pulp-and-paper mil ls to further reduce their pol lut ion loads.

Eugene was able to comply by 1961. Progress for the other cities
was slower. Public hearings had to be held, the outcome of which was
to set deadlines for compliance with the directive in some instances and
a court complaint against Portland which was only dropped after an
election vote in 1960 to finance new construction.11

Tact ic 4: Secondary Treatment for All Lower-Willamette Municipalities

Close on the heels of tactic 3, tactic 4 was implemented in 1960
fol lowing a publ ic hearing. The new directive was that all municipal-
ities along the lower Willamette River from Salem downstream were to
construct secondary treatment faci l i t ies.

The momentum favoring construction of wastewater treatment facil-
ities was showing results. By 1965 compliance with this tactic was
essentially complete except for the lower river in Portland, where some
raw waste outfalls had not yet been intercepted.

Assessment in 1964

The pollutant load imposed upon the Willamette River appears to
have reached its peak in the late 1950's and early 1960's, dependent
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upon which data are used and location along the river. The 1964 OSSA
report on water quality and waste treatment needs for the Willamette
utilized prediction curves and procedures developed by Velz for the
pulp-and-paper industry to calculate waste treatment requirements to
meet the established water quality standards. The OSSA concluded from
Velz's work that minimum removals of 85% BOD5  and settleable solids were
required so as to prevent oxygen depletion and sludge deposits in the
r i v e r . Ef f luent  ch lor inat ion cont inued to  be essent ia l .  Fur ther ,  i t
was determined that any significant increases in waste loads would re-
quire even greater reductions of oxygen demanding substances and
sett leable sol ids i f  acceptable water qual i ty in the Wil lamette River
was to be achieved and maintained. In spite of al l  the municipal and
industr ial  wastewater treatment faci l i t ies instal led by 1963, the water
qual i ty of the Wil lamette River "was st i l l  considerably below the
standards set by the Sanitary Authority".11

Tact ic 5: General Secondary Treatment and Year-Around Primary Treat-
ment at Pulp Mills

The assessment of Willamette water quality in 1964 by OSSA resulted
in  t ac t i c  5 .  Th i s  r equ i r ed : (a) year-around primary sedimentation or
equivalent treatment for removal of sett leable sol ids for al l  industr ial
wastes from each pulp-and-paper mill; (b) the additional requirement at
each su l f i te  pu lp-and-paper  b i l l ;dur ing the per iod o f  c r i t ica l  r iver
flow from June to October, inclusive, for an overall reduction of 85% in
BOD loadings of effluents from the entire mill; (c) a minimum of secon-
dary treatment, or equivalent, from all other sewage or waste effluents
to provide not less than 85% BOD removal and to include chlorination for
sewage effluents; (d) an even higher degree of sewage and industrial
waste treatment in some cases (depending on size and nature of waste
load and receiving stream); and (e) a deadline of December 1, 1966, to
ins ta l l  the needed t reatment  fac i l i t ies .

Although the December 1966 deadline was not met by all of the
affected companies, sufficient progress was made so that in 1967 a sig-
nificant change in Oregon's water quality control laws was made which
changed the emphasis from pollution abatement to pollution prevention
and water quality enhancement.9  The signs pointed to successful
achievement of the pol lut ion control strategy within the near future.
There remained, however, several measures or tactics to implement in
order to assure the success of this strategy.
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Tact ic 6: Secondary Treatment Established as Minimum Level

As a modification of tactic 5, tactic 6 was established in 1967
requiring all wastewater discharged into any of Oregon's public waters
to receive a minimum of secondary treatment. Provision was made that
levels higher than conventional secondary treatment might be required,
in which case the standards would include specific treatment require-
ments and eff luent l imits. Year-around secondary treatment for Willam-
ette Basin dischargers was scheduled to be in effect prior to the 1972
low- f low season.9

Tact ic 7: Specific Waste Discharge Permits

Another signif icant tact ic to promote and protect the pol lut ion
control strategy was the introduction in 1968 of the waste discharge
permit, required for any wastes discharged into the public waters of the
s ta te . The permits contain defini te l imitat ions on quanti t ies and
strengths of wastes that could be discharged. Characterist ical ly,
numerical limits are included on pounds of BOD and suspended solids, pH,
bacteria, temperature, color, turbidity, and toxic elements. In cases
where treatment or control is inadequate at the time of permit applica-
t ion, a specif ic, detai led program and t imetable to achieve ful ly ade-
quate treatment is included in the permit.9

By 1968, all major and many minor point-source waste discharges had
been ident i f ied. The permits provided OSSA (and now DEQ) with an effec-
tive mechanism to inventory all waste discharges to state waters. These
permits also provide an effective means of regulation of the waste load
entering these waters over time.

Support ing Tactics

While seven specific actions to achieve the pollution control
strategy have been identified and even given a chronological number,
many supporting actions and tactics have also been used by OSSA and,
since July 1969, by DEQ to achieve water quality control.t These in-
c lude:

-promotion of the idea of water pol lut ion control;
-promotion of the installation of public sewer systems and waste-
water  t reatment  and cont ro l  fac i l i t ies ;

-review and approval of plans and specifications for all wastewater
treatment and disposal projects;

-stream monitoring for pol lut ion control;
-comprehensive stream surveys to study pollution problems;
- inspection and eff ic iency tests of wastewater treatment plants;
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- training of wastewater treatment plant operators and staff ;
-separation of storm and sanitary sewer waters to reduce treatment
plant loads and prevent bypassing of sewage flows at times of
h igh runof f ;

-basic data col lect ion on water qual i ty;
- investigat ion of complaints and holding of publ ic hearings;
-enforcement of the pol lut ion control laws, regulat ions, and per-
mi t  cond i t ions ;

-processing of applications for Federal and State sewage works
construct ion grants;

-State construction grants program for sewage works;
- ce r t i f i ca t i on  o f  i ndus t r i a l  was te  con t ro l  f ac i l i t i e s  f o r  t ax
credits; and

-a tax rel ief program.

Results of the Strategy and Tactics

The pol lut ion control strategy of establ ishing standards of water
quality and requiring appropriate measures of at-source wastewater treat-
ment to meet these standards was supported by numerous tactics and
re la ted act ions. By 1970 it was apparent that the strategy was
achieving success, even though the full effects of some then-ongoing
tact ics were not yet evident. The municipal and industrial waste loads
entering the Willamette River had been drastically cut in terms of ab-
solute amounts. While waste concentrations tended to be influenced by
the degree of summer augmentation of river flow from reservoir storage,
the absolute loading direct ly demonstrated that r iver pol lut ion had been
controlled and reduced. Municipal waste discharges (including indus-
trial waste components) during the 1970 low river flow season were re-
duced 89% on an overall basis and industrial waste discharges were re-
duced 86% overall.9  Both the municipalities and the industries of the
Willamette Basin have been assigned essentially fixed limits of BOD dis-
charges by the DEQ, so that future growth and development must be accom-
panied by increased treatment efficiency with no increase of the waste
load entering the r iver.

RELATED FEDERAL STRATEGIES AND TACTICS

Passage of PL 80-845, the Federal Water Pollution Control Act, by
the U. S. Congress in 1948 drew the Federal government into post-war
pol lut ion control planning in the Wil lamette Basin. The Federal stra-
tegy at that time appears to have been one of stimulating cooperative
action among Federal, state, local and private groups to formulate com-
prehensive programs for water pollution control that would conserve a
broad range of beneficial uses on interstate waters and their tribu-
t a r i es . One result of this act was a report by the U. S. Public Health
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Service, in cooperation with OSSA, on water pollution control in the
Willamette Basin. This report, based on data available in 1950, was
intended as a reference point for measuring future progress in pollution
control and as a basis for developing comprehensive plans and financial
assistance programs.14

A cri t ical constraint upon the rate of progress in solving the
pol lut ion problems in the Wil lamette River was the l imitat ion of ade-
quate f inancing for sewerage and sewage treatment faci l i t ies. Voter
approval was required to finance the majority of such community projects.
Financing came from borrowed money obtained through the sale of general
obligation bonds, direct property assessments, and sinking funds accumu-
lated by special tax levies or sewer rental charges. Private industry
f inanced i ts  waste  cont ro l  f rom in terna l ly  der ived funds.  Pr ior  to
1956, no Federal assistance programs were available to influence the
pace of water pol lut ion control for the Wil lamette River.

In July 1956 Congress passed Public Law 84-660, the 1956 Federal
Water Pollution Control Act, which included a ten-year program of
financial assistance to communities for construction of sewage treat-
ment works. This covered only a port ion of the total costs, but en-
couraged and extended the effectiveness of state and local funding. In
Oregon, the OSSA had responsibility for reviewing and approving appli-
cat ions for grants and for assigning project pr ior i t ies based on
financial and water pollution control needs. The 1956 act was amended
in 1961 and 1965 to increase the appropriations for construction of
wastewater treatment facilities and to extend the period of the program.

During the 1960's, other Federal grant programs came into being to
finance the construction of sewer systems and sewage treatment facili-
t i e s . These required cost-sharing by state and local pa r t i c i pan t s .  As
with the Water Pollution Control Act, these programs significantly aided
in spreading the financial burden and stimulating new construction.

The 1956 Federal Water Pollution Control Act and its subsequent
amendments provided for comprehensive water pollution control programs,
including a review of the water quality control benefits of proposed
Federal reservoirs. As had the earlier 1948 act, the 1956 act and
amendments served to encourage the ongoing efforts of OSSA to control
water pol lut ion in the Wil lamette River.

On a more sweeping basis, the Federal Water Quality Act of 1965
(PL 89-234), added vital i ty to pol lut ion control efforts in the Wil lam-
ette Basin. This Federal legislat ion required that states adopt water
quality standards and enforceable implementation plans to assure waste
treatment measures that would control sources of water pollution. The
Federal government also took a more active role in the Basin's water
quality management, joining forces with the State to develop a
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wide-ranging pollution control program in 1967.15 Oregon already had
water quality standards and implementation programs to provide waste
t r ea tmen t  f ac i l i t i e s . The 1965 amendments to previous Federal water
pol lut ion control legislat ion led Oregon to revise and update i ts
general and special water quality standards in 1967. These new stan-
dards were among the first approved by the Federal government, thereby
becoming also Federal standards subject to Federal enforcement.

In retrospect, Federal act ivi t ies aimed at pol lut ion control by
means of at-site waste treatment have been significant in the Willamette
Basin for their support rather than guidance of State pol icy. The State
and its electorate made its commitment to pollution control in 1938 and
provided leadership for guiding state pol icy by creation of the State
Sani tary  Author i ty . But the road to success was difficult and the
financial burdens heavy. The Federal grants for waste control faci l i -
t ies brought f inancial support during cri t ical years of populat ion and
industrial growth when a slower-paced program would have made it very
dif f icult  to make gains against water pol lut ion; Beyond f inancial sup-
port, the Federal concern over State water pollution problems exerted
its influence over State water policy in other ways, among these being
the stimulus for new water quality standards in 1967 and the beneficial
effects of cooperative programs. The U. S. Public Health Service, for
example, was an active cooperator with the State in data gathering and
other ways early in the century and has remained so over the years,
along with newer Federal organizations.

AN OLD STRATEGY UPDATED: WASTE DILUTION BY FLOW AUGMENTATION

The traditional method of waste disposal practiced over centuries
by riverbank communities was to release untreated wastes directly to
streams, thereby diluting the strengths of such wastes and, hopefully,
allowing them to be assimilated by the receiving waters. This approach
was used by communities and industries along the Willamette River well
into the 1950's, even though adverse pollutional effects had been evi-
dent for decades. The waste dilution method was even refined in the
lower r iver to the extent that certain industr ial  wastes were being
barged to the Columbia River for dumping, where the diluting flow
available was more than an order of magnitude greater than in the
Wil lamette. Even Portland, after giving primary treatment to sewage
flows, was releasing these wastes to the Columbia River rather than
applying secondary treatment before releasing effluent to the Willam-
ette River. But the old standby method of waste dilution failed in the
face of population and industrial growth in the Willamette Basin.

The same growth of population and the industrial base that aggrava-
ted the severe water pollution problems brought with it other needs,
such as flood control. Measures taken to alleviate flood control led to
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construction and operation of Federal storage reservoirs by the U. S.
Army Corps of Engineers. These became the means for a new strategy in
the batt le against water pol lut ion--waste pol lut ion control by means of
flow augmentation and the resulting dilution of wastewaters.

Over the years, the OSSA and DEQ, in their biennial and annual
reports, have cited the pol lut ion control benefi ts gained in the
Willamette River because of summer streamflow regulation by release of
impounded waters from upstream storage reservoirs. For instance, the
1960 report recognized that maintaining a reasonable degree of purity
in the Wil lamette River along with future populat ion and industr ial
growth make it absolutely essential that flows be augmented considerably
in the lower Willamette during the critical summer and fall months.
Such augmentation was considered to be a "supplement to and not as a
substitute for sewage and waste treatment." !i

The reservoirs were not constructed for water quality enhancement;
their authorized purposes were f lood control,  navigation, irr igat ion,
and hydroelectric power generation (see Table 2). However, because of
the hydrologic conditions in the Willamette Basin, the same influences
that caused low-flow problems in the summer months also minimized the
risk of summer floods and required significant releases of stored water
for  i r r igat ion and nav igat ion. This compatability between the author-
ized purposes, particularly navigation, and the need for more water in
the river to enhance water quality has made possible an effective pol-
lut ion control strategy--f low augmentat ion for waste di lut ion.

The plan for multi-purpose Federal storage reservoirs on the major
tributaries of the Willamette River was conceived in the early 1930's.
In the reports recommending authorizat ion of individual projects, "water
quality flow needs were recognized, and it was stated that the naviga-
tion flows of 6,000 cubic feet per second at Salem would provide for the
water quality needs. Since that time, water quality management of the
basin has been based upon the continued availability of those flows to
meet navigation needs."9 However, the Federal agencies involved in
Willamette Basin water planning recognized, as had OSSA, that "the basic
element of the water pollution control program is a high level of at-
source waste treatment by al l  municipal i t ies and industr ies."

The early Federal storage reservoirs in the Willamette Basin were
comparatively small and had little effect on summer low-flow water
quality. However, larger impoundments were completed starting in the
early 1950's (see Figure 6) and the amount of storage water released to
augment low natural flows began to have a noticeable effect thereafter.
By 1968, 13 Federal projects were complete and providing flow augmenta-
t ion  benef i ts .
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Figure 6. Average August streamflows at Salem and
upstream federal reservoirs.
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Using the dry month of August as a basis for comparison, average
monthly discharge at Salem is shown in Figure 6 over the period of years
of record. A l l ow ing  f o r  yea r - t o - yea r  c l ima t i c  va r i ab i l i t y ,  i t  i s  qu i t e
clear that impoundment releases in recent years have had a dramatic
effect in increasing the amount of water in the r iver and in di lut ing
wastes. In some years more than half of the August streamflow in the
Willamette River has been from impoundment releases.

RELIANCE ON TWO STRATEGIES

The strategy adopted by the State of Oregon to set water quality
standards and require compliance by means of at-source waste treatment
was absolutely essential and has been proven effective. The absolute
load of pollutants entering the Willamette River has been reduced and
brought under control. This has also achieved a substantial change in
the concent ra t ions ( i .e . , relat ive amounts) of the various indicators of
water quality, such as dissolved oxygen.

But during critical summer-autumn months of low natural streamflow,
the measures taken to date to achieve at-source pollution control would
not have been sufficient alone. The water quality standards have been
met during some critical low-flow periods only because the river flow
was substantially augmented from storage releases. In recent years,
this augmented flow has been well above the target flows (e.g., above
the 17Chn3/s  (6,000cfs) minimum f low at Salem). Therefore, i t  is evi-
dent that without more str ingent requirements control l ing the treatment
of at-source pol lut ion, the f low augmentat ion strategy is also essential .
Data from recent years show that it has been an effective strategy.

In effect, there must presently be a reliance upon two pollution
cont ro l  s t ra teg ies  for  the Wi l lamet te  River :  the f i rs t ,  gu ided and
enforced by the State, requiring at-source waste treatment to reduce
the absolute pollutant loadings; the second, under the control of the
Federal government, requiring flow augmentation during critical low-flow
months to reduce the concentration and strength of pollutant loadings.
Joint ly, these strategies al low the water qual i ty standards of the State
to be met. Without the f i rst ,  at-source treatment, no pract ical amount
of flow augmentation from existing multi-purpose reservoirs would be
suff ic ient to al low the standards to be met. Without the second, f low
augmentation, the degree of at-source waste removal would have to be
greatly increased and new technologies beyond secondary treatment would
be required.

42



SECTION VI

ENVIRONMENTAL IMPACTS

SCOPE OF IMPACTS

The cumulative environmental impacts of the pollution control
strategies used for the Wil lamette River are broad and dif f icult  to
quant i fy . They touch human activities in a number of ways, some of
which are descr ibab le  co l lec t ive ly  as a l tered qual i ty  o f  l i fe ,  insofar
as the Willamette River has an influence on an individual's interests
and ac t iv i t ies . For example, a recent study16  showed that the substan-
tial improvement of the Willamette River water quality led to increases
in values for urban residential property as far as 1200 m (4000 ft) away
from the water's edge. In terest ing ly ,  the wi ld l i fe  suppor t  capac i ty  o f
water bodies was valued more by residential property owners than were
aesthetics, boating, or swimming. The measurable water quality para-
meters reported to have the greatest influence on property values were
dissolved oxygen, fecal col i forms, clari ty, trash and debris, toxic
chemicals, and pH.

Some of the cumulative environmental impacts of at-source waste
treatment are of a "trade-off" nature. The benefits gained by removal
of contaminants from the water phase of the environment are offset by
their disposal in some other phase of the environment. This can result
in air pollution (through combustion of sludge or gases) and land pollu-
t ion (through landfi l l ing of residual sludges) which in turn can lead to
water  po l lu t ion. In-process changes made by some industries to reduce
pol lutant loads in eff luents, such as the conversion of sulf i te pulp-
and-paper mills from one base to another to facilitate chemical recovery,
have resulted in increased stack emissions from recovery boilers. Addi-
tional environmental contamination results from the production, trans-
portat ion/transmission, and ut i l izat ion of energy needed to drive al l  of
the wastewater treatment processes and to produce the chemicals used in
wastewater treatment. Such secondary impacts can cause significant en-
vironmental effects at locat ions distant from the treatment plants,
often outside the Willamette Basin.

Wastewater treatment requires large tracts of land for the faci l i -
t ies themselves and for sol id residue disposal;  for municipal i t ies this
land represents a reduction in the tax base. In addition to odors and
noise associated with the plant operation, some facilities are aesthe-
t i ca l l y  d i sp leas ing . Adverse impacts such as those mentioned here must
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be weighed against the substantial  benefi ts to r iver water qual i ty evi-
denced by restored high oxygen levels and reductions in bacterial con-
tamination, suspended sol ids, f loat ing matter,  and toxic chemicals.

Flow augmentation also has associated with it a number of trade-off
environmental impacts. In downstream reaches below impoundments, the
majority of impacts are regarded as beneficial, although the reduced
summer temperatures of some releases and the diminished variability of
flows can present adverse impacts such as less desirable swimming tem-
peratures and less natural control over some aquatic vegetation and in-
sects by periodic f looding. Improved navigation conditions can result
in associated increases of boat-related forms of pol lut ion. Greater
f lood control protect ion of the f loodplain can lead to greater f lood-
plain encroachment.

At the reservoirs and along adjacent reaches of the river, there
may be addit ional environmental tradeoffs. Creation of a slack-water
f ishery and lake recreation is done at a loss of free-f lowing f ishery
and stream recreation. Loss of one type of wi ldl i fe habitat is replaced
by creation of a dif ferent type of habitat.  Release of impounded water
in the summer for flow augmentation represents a loss of impounded water
needed for autumn hydroelectric power generation to supplement power
produced elsewhere in the Columbia River Basin. This trade-off is
partly offset by heavier reliance on non-power producing reservoirs such
as Blue River and Fall Creek for summer flow augmentation. But impound-
ment releases for flow augmentation during the summer from additional
non-power projects such as Dorena and Cottage Grove meets with greater
resistance from recreationists using those reservoirs.

The "health" of a water body and extent of pollutional effects are
often best reflected and measured by the performance of the bio-system.
For the Willamette River, the part of the bio-system about which the
most is known historical ly is the f ishery, part icularly the salmonid
f i she ry . This anadromous fishery happens to be a particularly sensitive
indicator of water qual i ty condit ions. Therefore, to document the cumu-
lat ive environmental impacts of the pol lut ion control strategies used
for the Willamette River, detailed examination has been made of the
Wil lamette River f ishery.

HISTORICAL

The Willamette Basin undoubtedly was rich in certain natural re-
sources prior to the 19th Century. Craig and Hacker17 estimate that the
Columbia Basin supported a population of 50,000 Indians who annually
harvested 8 mil l ion kg (18 mil l ion lb) of salmon. Wil lamette Fal ls was
identi f ied as one of the historical ly famous Indian f ishing sites. 4

Other wildlife forms such as cougar, river otter, muskrat, beaver, and
migrating ducks and geese were thought to be more abundant before the
year 1800 than at any subsequent time.

Commercial fishing for salmon began in the lower Columbia River
region in the early 1800's. By 1830, several dealers were salt-curing
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salmon on the lower Willamette River for export.19  Commercial canning
of salmon began on the lower Columbia River in 1866 and increased rapid-
ly to a record pack of 634,696 cases in 1895.20  The record catch of
salmon and steelhead occurred in 1911 when 21,117,000 kg (46,663,000 lb)
were landed.21

In addition to salmon and steelhead, other Willamette fish harves-
ted commercially were shad, sturgeon, eulachon (smelt) and lamprey. Of
equal importance to the Willamette Basin were the recreational species
and f isheries. Trout, primarily rainbow and cutthroat, were so abundant
that the early bag limit was 125 fish per day. Warm-water game fishes
such as largemouth and smallmouth bass, black and white crappie, blue-
gill, and pumpkinseed were introduced around the turn of the 19th Cen-
tury and prospered in the sloughs and ponds of the Willamette Basin.22

During the 1800's, several wildlife species were affected by the
ac t i v i t i e s  o f  t he  ea r l y  se t t l e r s . Logging and land-clearing benefitted
the blacktailed deer, while mourning dove, band-tailed pigeon, ducks,
and geese found the development of agriculture to their l ik ing. Pheas-
ants, valley quail, and bobwhite quail were introduced and increased
rap id l y . Other species were not so fortunate as the impact of unrestric-
ted hunting and trapping severely reduced populations of beaver, river
otter, and cougar.

Recognition of serious pollution in the lower Willamette River was
a matter of public record as early as 1910 when Morse et al.23 stated in
their Fourth Biennial Report of the State Board of Health that: ". . .
they become a conduit into which in increasing quantities in direct pro-
port ion to the increasing density of the populat ion, along their banks
is  cast  o f fa l  and f i l th  unt i l  near ly  a l l  o f  the s t reams of  the Sta te
have become mere sewers, the water from which is not only dangerous to
drink but too f i l thy in many places to bathe in. Even the very f ish
which have no means of escape are largely becoming infected and unfit
fo r  food. This condition is rapidly growing worse and has become a
peril of no mean import, and is a grave reflection upon the intelligence
and degree of civilization of the entire community and should be stopped
at once and forever."

Subsequently, the so-called oxygen blockage in the lower Willamette
River has been documented and studied repeatedly, as described earlier
in  th is  repor t . In part icular, the reports by Gleeson  and Wil l is et
al.24 are informative. The presence of water with oxygen levels below
5 mg/l for prolonged periods during July, August, and September, coupled
with inadequate f ish passage faci l i t ies at Wil lamette Fal ls, were be-
lieved to be important reasons why few coho salmon and fall chinook sal-
mon occurred beyond the reaches of the lower Willamette River area.
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CURRENT STATUS OF THE WILLAMETTE FISHERY

The Willamette Basin contains from 14,000 to 16,000 km (9,000 to
10,000 mi) of streams, at least 565 named lakes, and approximately 130
mega square meters (Mm2) (33,000 acres) of reservoirs. 76 O f  t h i s  t o t a l ,
most production in f luvial habitats occurs in 6788 km (4219 mi) of
streams comprising 196 Mm2 (48,600 acres) of water. Stream widths
greater than 100m (300 ft) comprise 10 percent of the length and 57 per-
cent of the total surface area; whereas, streams less than 1 m (4 ft) in
width comprise 27 percent of the length but only 1.1 percent of the sur-
face area.26

Some 51 species belonging to 14 families comprise the fish fauna
of the Willamette Basin. At least 28 species are of recreational or
commercial importance. Almost one-half of the species (23) have been
introduced into the basin during the past 100 years (see Table 5). Dis-
tributions of the salmonids and some of the warm-water game fishes with-
in their pr incipal habitats in the Wil lamette Basin are provided in
Tables 6, 7, and 8.

Several recent reports give detai led descript ions of the current
status of the f ishery and wi ldl i fe resources of the Wil lamette Basin.
One of the most extensive and detailed surveys of the Willamette River
and i ts  t r ibutar ies  was conducted by Wi l l i s  e t  al.24 Thei r  repor t  in -
cludes the fol lowing information on each r iver system: a brief intro-
duct ion; descript ive information concerning the basin, stream, bottom
material ,  obstruct ions, diversions, and pol lut ion problems; impoundment
and hatchery sites; temperature and flow data; anadromous fish popula-
tions; and major proposed dams. A summary of recommendations was pre-
sented for the entire Willamette River system wherein the proposed pro-
jects were l isted in order of prior i ty or importance without reference
to costs or est imates or responsibi l i ty.

More recently details of the middle Willamette Basin were provided
by the Oregon State Game Commission; those of the lower Willamette Basin
were provided by Hutchison and Aney28; while those of the upper Willa-
mette Basin were detailed by Hutchison et al.29 Thompson et al.27  com-
bined much of the information on fishery resources from the above three
repor ts  in to "Fish Resources of the Willamette Basin", which was sub-
mitted to the Willamette Basin Task Force. In turn, the information
provided by the above four sources was combined and published as Appen-
dix D, Fish and Wildlife, to the Willamette Basin Comprehensive Study of
Water and Related Land Resources.19

A more generalized review of the fish and wildlife resources of
the Willamette River watershed, including the Sandy River watershed, was
published as Appendix XIV, Fish and Wildlife, to the Comprehensive
Framework Study of Water and Related Lands.30 This latter report con-
tains useful information on fish and wildlife Angler-Days and Hunter-Days
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Table 5. FISHES OF THE WILLAMETTE BASINa

Scientific name

Petromyzontidae

Entosphenus tridentata
Lampetra richardsoni

Acipenseridae

Acipenser transmontanus

Clupeidae

Alosa sapidissimab,c

Salmonidae

Oncorhynchus ketab
Oncorhynchus zsutghb
Oncorhynchus nerka sc

Oncorhynchus tshawytsch

Prosopium williamsoni b
Salmo a&onitabsc
Salmo ckrkib
Salmo gairdnerib

Salmo salar SC
Salmo truttab~c
Salvelinus fontinulisb’
Salvelinus malmab 

b ,c
Salvelinus namaycush

Common name

Pacif ic lamprey
Western brook lamprey

White sturgeon

American shad

Chum salmon
Coho salmon
Sockeye salmon or

kokanee
Spring chinook and

Fall chinook salmon
Mountain whitefish
Golden trout
Cut throat  t rout
Rainbow (steelhead)

t r o u t
Atlantic salmon
Brown trout
Brook trout
Dolly Varden
Lake trout

Abundance

High
High

Moderate

High below
Wil lamette Fal ls;
low above falls

Low
Moderate

Low
Moderate to high
Moderate
Low to moderate
Low
High

Moderate
Low
Low
Low
Low
Low
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Table 5 (continued). FISHES OF THE WILLAMETTE BASINa

Scientific name

Cyprinidae

Acrocheilus alutaceus
Carassius auratu.sC
Cyprinus carpioC
Hybopsis crameri
Mylocheilus caurinus
Ptychocheilus

oregonensis
Rhinichthys cataractae
Rhinichthys falcatus
Rhinichthys osculus
Richardsonius balteatus
Tinca tincac

Catostomidae

Catostomus macrocheilus
Catostomus

platyrhynchus

I c t a l u r i dae

Ictalurus melasb,c

Ictalurus natalis
Ictalurus nebulosus
Ictalurus punctatu&~C

Percopsidae

Percopsis transmontana

Poeciliidae

Gambusia affinisC

Common name

Chiselmouth
Goldf ish
Carp
Oregon chub
Peamouth

Northern squawfish
Longnose dace
Leopard dace
Speckled dace
Redside shiner
Tench

Largescale sucker

Mountain sucker

Black bullhead

Yellow bullhead
Brown bullhead
Channel catfish

Sand rol ler

Mosquitofish

Abundance

High
Low
High
Low
Moderate

High
High
High
High
High
Low

High

High above Corvallis;
low in downstream
areas

(Unauthenticated
reports)

Moderate
Moderate
Low to moderate

Low to moderate

Low to moderate
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Table 5 (continued). FISHES OF THE WILLAMETTE BASINa

Scient i f ic name

Gasterosteidae

Gzsterosteus aculeatus

Centrarchidae

Lepomis gibbosus
Lepomis gulosus

b~c

Lepomis mac~och<rmsb~c
Micropterus dolomieui
Micropterus salmoides
Pomoxis annuZ&sbsc
Pomoxis nigromacuZatu*C

Percidae

Perca flavescensb,c

Cott idae

Cottus asper
Cottus bairdi
Cottus beldingi
Cottus perplexus
Cottus rhotheus

Common name

Threespine st ickle-
back

Pumpkinseed
Warmouth
B lueg i l l
Smallmouth bass
Largemouth bass
White crappie
Black crappie

Yellow perch

Pr ick ly  scu lp in
Mott led sculpin
Piute sculpin
Reticulate sculpin
Torrent sculpin

Abundance

High

High
High
High
Moderate
High
High
High

High

Low
Low
Moderate
Moderate
Low

a Modified from reference 27.
b Species defined as "game fish" in the 1965-66 Oregon Game Code.

' Introduced species, all others are indigenous to the Willamette Basin.
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Table 6. DISTRIl3UTION OF PRINCIPAL SALMONIDS INHABITING LAKES, RESERVOIRS, SLOUGHS, OR 
PONDS IN THE WILLAMETTE BASINa 

Species Number of lakes 
inhabitedb 

Surface area, 1000 m2,c 
inhabitedd 

Brook trout 34 15,870 

Cutthroat trout 37 68,696 

Dolly Varden trout 8 8,101 

Kokanee 13 14,090 

Lake trout 0 0 

Rainbow trout 48 70,177 

Chinook salmon (L)f 13 34,864 

Coho salmon (L)f 8 11,600 

Steelhead [L)f 9 10,170 

Hatchery contribution,e 
percent 

50 

11 

0 

77 

0 

92 

62 

100 

33 

a Data from reference 26. 

b 78 lakes available. 

c lOOom2 = 0.247 acres. 

d 78,489,OOO m2 available. 

e Percent of lakes in which any portion of species are of hatchery origin. 

f L indicates Landlocked populations only. 
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Table 7. DISTRIBUTION OF PRINCIPAL ANADROMOUS SALMONIDS INHABITING RIVERS 
AND STREAMS IN THE WILLAMETTE BASINa 

Species I Streams 
inhabitedb - 

Fall chinook salmon 

Spring chinook salmon 

Coho salmon 

Summer steelhead 

Winter steelhead 

Sockeye salmon 

Sea-run cutthroat trout 

41 

64 

147 

33 

127 

17 

31 

a Data from reference 26. 

b 290 streams available. 

' 1 km = 0.621 mi. 

d 6,668 km available. 

*Stream length km,c 
.inhabitedd 

1,150 

2,016 

3,313 

1,130 

3,181 

553 

677 

Estimated 
population 

7,600 

34,000 

17,000 

660 

16,000 

200 

68 
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Table 8. DISTRIBUTION OF CERTAIN WARM-WATER GAME FISH INHABITING RIVERS 
AND STREAMS IN THE WILLAMETTE BASINa 

Species Streams inhabitedb Stream length, km,c 
inhabitedd Abundance 

Black crappie 12 

White crappie 36 
Largemouth bass 39 

Smallmouth bass 2 

351 Common 

938 Few 

912 Few/rare 

61 Rare 

a Data from reference 26. 
b 290 streams available. 

' 1 km = 0.621 mi. 

d 6,668 km available. 



which are summarized in Table 9. Information is also provided on non-
game wildl i fe along with project ions of future needs to sat isfy the de-
mand for use of fish and wildlife resources within the Willamette Basin.

In summarizing the current status of the resource, it appears that
stocks of spring chinook salmon have stabilized at 30,000 to 40,000
escapements over Willamette Falls. Stocks of spring chinook salmon re-
turning to the Clackamas River appear to have decreased in recent times
from about 3,000 to 2,000 fish per year (Figure 7). Based on an average
fecundity of 5,000 eggs and a 50:50 sex ratio, the Clackamas River run
must have contained a minimum of 6,000 fish around the turn of the cen-
tu ry . The runs of spring chinook salmon are heavily supported with re-
leases from hatcheries.

Escapements of coho salmon past Willamette Falls have decreased
markedly in the past four years (Figure 8). On the other hand, escape-
ments of fall chinook salmon (Figure 8) and summer and winter steelhead
(Figure 9) are all on the increase. Overall, the sport catch of salmon
and steelhead in the Willamette Basin is on the increase as well as in
the State as a whole (Figures 10,11).

Overall, stocks of resident trout appear to be greatly reduced
from earl ier years, but l iberal supplements with hatchery f ish help
maintain heavy angler use (Table 9). Virtually no stocking of warm-
water game fish is carried out as natural stocks seem sufficient for
substantial angler use (Table 9).

ENVIRONMENTAL IMPACTS

Benefi ts

Anadromous fish resources are obvious beneficiaries of water
quality improvements in the lower Willamette River. Waters with less
than 5 mg/l of dissolved oxygen are generally thought to block or delay
the passage of migrating salmonids.  Sams and Conover  presented data
indicating that runs of coho and fall chinook salmon did not attempt to
pass over Willamette Falls until dissolved oxygen levels exceeded 4 mg/l.
Based on data depicted in Figures 12 and 13, the lower 50 miles of the
Willamette River apparently served as an oxygen blockage to migrating
salmon during much of July, August, and September from the 1920's to
1968. From 1968 to present, the mean dissolved oxygen concentration
during the critical month of August was never below 5 mg/l at the Spo-
kane, Portland and Seattle Railroad bridge--an area thought to be one of
the most seriously polluted sections of the River. Whether the increase
in dissolved oxygen was due to municipal and industrial waste treatment
or to augmented flow of the River is a matter of conjecture (Figure 13).
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